Introduction
Amorphous calcium phosphate (ACP) plays an important role in the formation of biomaterials [1] . The diversity of possible arrangements within the apatite structure requires sensitive tools to detect changes from different synthesis conditions, especially for amorphous structures, that are even more difficult to characterize. Fourier transform infrared (FTIR) spectroscopy offers a method for monitoring changes in the chemical groups. This work will show how FTIR-DRIFT spectroscopy provides a simple, non-destructive technique to obtain yet unexplored information about amorphous calcium phosphates.
The aim of this study was to apply curve fitting deconvolution for investigating overlapping bands in the ʋ 4 PO 4 , ʋ 2 CO 3, ʋ 3 CO 3 band region in synthesized amorphous calcium phosphates and ʋ 3 CO 3 and amide band in natural human bone. Deconvolution is based on J.K. Kaupinens et. al. methodology introduced in the 1980's [2] -a mathematical procedure for resolving overlapped peaks in a complex FTIR spectrum, also referred to as "resolution enhancement" without changes to the experimental spectral resolution [3] .
The vibration band ʋ 4 PO 4 was chosen in this study due to the ʋ 4 PO 4 562 cm -1 , 575 cm -1 and 603 cm -1 peak overlap with the HPO 4 apatitic peak at 550 cm -1 [4] . Chemical determination of HPO 4 2-ions by colorimetry cannot be distinguished from PO 4 3- . Another method by Gee and Dietz [5] that condenses HPO 4 2-ions into pyrophosphates P 2 O 4 4-cannot be used for powders containing carbonate CO 3 2-ions. Carbonate ions interfere with P 2 O 4 4-ions and partially prevent P 2 O 4 4-ion formation [6] . Consequently, this spectral method is thus the only viable technique for determining the HPO 4 2-content in carbonated ACP. [12, 13] . Human bone consists mainly of collagen fibers and inorganic compounds, which can be approximated as carbonate containing hydroxylapatite [14, 15] . Deconvolution of FTIR spectra will be shown to give information about overlapped amide I, amide II and amide III peaks in collagen, and inorganic ʋ 3 CO 3 bands in the 900 -1900 cm -1 region [15] .
Materials and Methods Materials
Three different carbonate containing ACPs were synthesized at room temperature and dried for FTIR analysis. The first two powders were prepared by mixing a solution containing Ca(NO 3 ) 2 and 30 % ammonia with another solution consisting of ( NH 4 ) 
Methods

Fourier transform infrared spectroscopy -diffuse reflectance infrared reflection.
The functional group changes were determined by FTIR-DRIFT (PerkinElmer Spectrum One,) at 450-4000 cm -1 , at a resolution of 4 cm -1 , with an average of 8 scans, sampled by diamond sampling sticks. A special preparation method was not required for synthesized powders. Powder for bone analysis was obtained from the inside of bone vertebra. Carbonate ion concentration can be determined by heating ACP to 1200 o C to liberate CO 2 for collection in an absorption cell. Carbonates can then be determined by calorimetric titration [7] . This analysis method only gives information on the quantity of carbonates. Deconvolution of ʋ 2 CO 3 and ʋ 3 CO 3 bands in FTIR spectra gives information about the apatite structure. Le Geros observed and interpreted IR peak splitting for the CO 3 to represent A and Deconvolution of the 500-700 cm -1 region of all three FTIR spectra revealed the presence of HPO 4 2-(550 cm -1 ) only in Zn-doped ACP (Fig 3) . Spectra obtained in the ʋ 2 CO 3 band region (800 -920 cm -1 ) show a considerable change in peak shape and position. A shoulder at ~880 cm -1 was observed for the 80 o C dried powder, that was not present for the air dried powder. Using peak assignments from the literature, we can infer the presence of an A type substituted carbonate group. More detailed information on the structure of apatites can be obtained after deconvolution of the spectra. Deconvolution of the 800 -920 cm -1 region displays only non-apatitic carbonate in air- X-ray powder diffraction (XRD). Powders were characterized by X-ray diffraction (Bruker D8 ADVANCE diffractometer). Diffraction patterns were recorded from 5° to 60° using Cu K radiation (λ = 1.54 Å generated at 40 mA and 40 kV) at a step size of 0.2°. Analysis. The FTIR spectra were viewed and smoothed with freeware software Specwin32. Baseline correction and curve-fitting analysis was performed using MagicPlotStudent software with wavenumbers from literature as a guide for ʋ4PO4, ʋ2CO3, ʋ3CO3, amide I, amide II, amide III groups (Table 1) Additional information on carbonates powders can be sourced from the ʋ 3 CO 3 (1400 -1600 cm -1 ) region. Higher crystallinity in relation to carbonates is interpreted by more carbonate occupying the A-type or B-type positions, characteristic of crystalline apatite. Poorly crystalline powder displayed an A 2 carbonate peak (at 1506 cm -1 ) overlapping a non-apatitic CO 3 2-(at ~1500 cm -1 ), Fig 5. The CO 3 2-is not easily determined, but the different CO 3 2-positions becomes clear from the numerous peak positions. The most benefit from deconvoluting FTIR spectra is gained for human bone, Deconvolution of the organic band shows that Amide I, Amide II and Amide III bands dominate in this region. Deconvolution of the inorganic ʋ 3 CO 3 bands shows a type A1 doublet, a type A2 doublet and a type-B doublet in this region. Two further peaks were added so that the fit sum peak corresponds to the recorded peak. A type-A2 substituted carbonate can be identified from the broad shoulder at ~1565 cm -1 . (Fig 4a and  b) . The carbonate type can be changed by drying at different conditions [16] . Air-dried powder mainly contained non-apatitic CO 3 
Conclusions
Deconvolution of FTIR spectra offers a more detailed qualitative and quantitative analysis of carbonate ("non-apatitic" vs "apatitic") and orthophosphates (HPO 4 2-and PO 4 3- ). The carbonate band (1400 -1600 cm -1 ) for the air dried powder shows non-apatitic positions, but drying at 80 o C showed peaks that coincided with crystalline carbonated apatite. FTIR-DRIFT provides a sensitive, non-destructive tool for the analysis of bone, and with deconvolution can distinguish the inorganic carbonate bands from the organic amide bands.
Deconvolution of ACP spectra provides a new ability that may be used to track the transition of the amorphous phase to a crystalline apatite in bones as well as providing a tool 
